
August 28, 1979 

Dr. Howard Young 
Laboratory of Tumor Virus Genetics 
Divis ion of Cancer Cause and Preventi.on 
Nat ional  Cancer I n s t i t u t e  
Bethesda, Maryland 20205 

Dear Howard : 

I am w r i t i n g  t o  ask whether it would be p o s s i b l e  f o r  you t o  supply me wi th  a hope fu l ly  
modest amount of some h y b r i d i z a t i o n  reagent  u se fu l  f o r  de t ec t ion  of  endogenous r a t  
leukemia v i r u s  DNA i n  Southern DNA t r a n s f e r  experiments.  

The problem is  as fo l lows .  Last year ,  while  on s a b b a t i c z l  leave a t  t h e  ICRF, I 
c a r r i e d  ou t  an experiment ( s u i t a b l e  only f o r  someone on such leave)  designed t o  ask 
whether r e t r o v i r u s e s  can se rve  as  i n s e r t i o n a l  mutagens. F i r s t  John Wyke and I 
cha rac t e r i zed  an ASV-transformed rat-1 c e l l  ( c a l l e d  BSl) which was found t o  c a r r y  
a s i n g l e  .4SV p rov i rus  and t o  r e v e r t  t o  normal phenotype a t  low frequency. 
c o n s t i t u t e d  about 
or undergone mutation i n  src. 
s t o r y . )  
which I obtained from N a t a l i e  Teich (she had go t t en  it from Janet: Har t l ey  and passaged 
it only a couple of  times s i n c e ) .  
i n f e c t i o n  of every c e l l ,  and then  p u t  through s e l e c t i o n  procedures f o r  t h e  i s o l a t i o n  
of  r e v e r t a n t s .  

(Rever tan ts  
of  t h e  c e l l  popula t ion  and had e i t h e r  l o s t  t h e  e n t i r e  p r o v i r u s  

These mutants are i n t e r e s t i n g ,  b u t  t h a t  is  ano the r  
The B 3 1  c e l l s  were then  i n f e c t e d  with a high t i t r e  s tock  o f  Moloney MuLV 

I_ 

The cel ls  were grown f o r  1-2 weeks, t o  i n s u r e  

As expected,  most of t h e  35 o r  so  r e v e r t a n t s  cha rac t e r i zed  q p e a r  t o  f a l l  i n t o  t h e  
two c l a s s e s  observed spontaneously ( four  have no ASV provirus ,  ove r  twenty have 
probable  p o i n t  mutat ions i n  - s r c ) ,  b u t  a few have cur ious  l e s ions  i n  the  ASV p r o v i r u s .  
In  p a r t i c u l a r  

l e f t  end (3'5 '-gag -- reg ion)  o f  t he  p rov i rus ,  causing reversiwn by i n t e r f e r e n c e  
wi th  t h e  syn thes i s  o r  process ing  of src  m k i A  ( t h i s  has  now k e n  documented b 
Q u i n t r e l l ) .  In one case,  t h e  i n s e r t i o n  i s  accompanied by de le t ion  of czi. 10 ,.ir from 
t h e  l e f t  end of t h e  provi rus ,  inc luding  the  3'5' r epea t  and poss ib ly  some f l a n k i n g  
c e l l u l a r  DNA; i n  the  o t h e r  case,  t h e  i n s e r t i o n  can be  mapped wi th in  two r e s t r i c t i o n  
si tes (ca.  250 bases  a p a r t  n e a r  t h e  ga,o s t a r t  p o i n t ,  b u t  I can't: s a y  whether any 
d e l e t i o n  has occurred.  

a t  least  two show c l e a r  evidence by r e s t r i c t i o n  mapping of  i n s e r t i o n s  
of ca.  5-6x10 6 M r .  I n  bo th  o f  t hese  cases, t h e  i n s e r t i o n  is p r e s e n t  n e a r  or a t  t1.2 

riancy x ;  - 

I am obviously i n t e r e s t e d  i n  determining t h e  n a t u r e  of  t h e s e  i n s e r t s ,  b u t  I have been 
confounded by s e v e r a l  problems. F i r s t ,  it was apparent  frarr t h e  mapping d a t a  t h a t  
t h e  i n s e r t s  must have r e s t r i c t i o n  s i t e s  which d i f f e r  from tiBosc r epor t ed  f o r  blo-MuLV 
c lone  1. Secondly, Inder  Verma k indly  suppl ied  me with sone MO-MuLV cDNA which showed 
t h a t  most i f  not  a l l  o f  my r e v e r t a n t s  havc 1 o r  more ccp ie s  of PluLV DNA, b u t  aga in  
it was apparent  t h a t  t he  maps of t h e s e  p rov i ruses  do n o t  ccnform wi th  publ i shed  d a t a .  
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I n  the  " in te res t ing"  r e v e r t a n t  with an i n s e r t  b u t  no ev iden t  d e l e t i o n ,  t h e r e  are  
SO many new I,luLV p rov i ruses  t h a t  it i s  d i f f i c u l t  t o  say whether t h e  i n s e r t  i s  MuLV DNA; 
ASV and MuLV cDNA's d e t e c t  superimposible  fragments produced by s e v e r a l  enzymes, b u t  
t he re  a r e  enough MuLV bands t o  lriake t h e  d a t a  less than  t o t a l l y  convincing. 
t h e  process  of i s o l a t i n g  I Eco .- R I  fragments from t h i s  l i n e  f o r  secondary d i g e s t i o n s  (and 
u l t i m a t e l y  c loning  i n  b a c t e r i a )  t o  t r y  t o  r e s o l v e  t h e  i s s u e  i n  t h i s  case. 

I am i n  

The o t h e r  " in t e re s t ing"  r e v e r t a n t ,  with an i n s e r t  and a d e l e t i o n ,  c l e a r l y  has  t h r e e  
new provi ruses  d e t e c t a b l e  wi th  Inde r ' s  MuLV cDNA, b u t  none of t h e s e  seem t o  be t h e  
i n s e r t .  S i n e  the  i n s e r t  appeared a f t e r  i n f e c t i o n  and i s  t h e  c o r r e c t  s i z e  f o r  a provirus,  
1 c e r t a i n l y  favor  t h e  i d e a  t h a t  i t  encodes a r e t r o v i r u s ,  b u t  which one? 
p o s s i b i l i t y  -- a t  l e a s t ,  with your he lp ,  a t e s t a b l e  one - -  i s  t h a t  t h e  MuLV used f o r  
supe r in fec t ion  rescued an endogenous RaLV from t h e  ASV-transformed rat-1 cel Is and 
t h a t  t h e  pseudotypes formed then  spread through t h e  c u l t u r e .  I would very much l i k e  
t o  t e s t  t h i s  p o s s i b i l i t y  u s ing  l abe led  RaLV cDNA t o  anneal  t o  a l r eady  e x i s t i n g  f i l t e r s  
bea r ing  "s ignature"  fragments f o r  t he  i n s e r t i o n  ( t h e  i n s e r t  i s  n o t  c u t  by Xho I o r  
Eco RI) ,  t o  the i s o l a t e d  and secondar i ly  d iges t ed  Eco R I  fragment bea r ing  t h e  i n s e r t  
(ehis j s ;bout t o  be  run on t h e  gene machine); and= the  cloned i n s e r t  ( i f  and when). 
If you a r e  w i l l i n g  t o  g ive  ne some h e l p  with t h i s ,  it would probably be e a s i e s t  i f  
w e  could cha t  oil t he  phone about t h e  d e t a i l s  (amounts, s p e c i f i c  a c t i v i t i e s ,  da t e s ,  
e tc . ) .  

An obvious 

- 

I am a t  415-666-2824 a t  l e a s t  between 9 and 6 PST almost any weekday. 

I g a t h e r  t h a t  Ed i s  now of f  on an Engl ish s a b b a t i c a l .  
I n c i d e n t a l l y ,  

week---it i s  obviously of g r e a t  i n t e r e s t  t o  us .  

How i s  h e  enjoying i t ?  
some of  your r e c e n t  work was t h e  t o p i c  of a jou rna l  c lub  he re  t h i s  

With b e s t  regards ,  

Harold E .  Varmus, M.D. 
P ro fes so r  of Microbiology & Immunology 

HEV: j h  


